of this deposit type (Nash, 1976; Roedder and Bodnar, 1997). Halite-bearing inclusions may display three different modes of homogenization during heating from room temperature: (A) halite dissolution (Tm halite ) followed by liquid-vapor homogenization (Th L-V ), (B) simultaneous Th L-V and Tm halite , or (C) Th L-V followed by Tm halite (Fig. 1) . Fluid inclusion researchers use microthermometric data from halite-bearing inclusions to estimate fluid compositions and temperatures and pressures of formation of the inclusions (Roedder, 1984). Compositions and trapping pressures may be estimated with reasonable precision (and accuracy) for inclusions that homogenize via modes "A" and "B" because experimental (Haas, 1976; Sterner et al., 1988; Bischoff and Pitzer, 1989; Bodnar, 1992) and theoretical (Bischoff and Pitzer, 1989; Anderko and Pitzer, 1993 
Introduction HALITE-BEARING fluid inclusions are common in many oreforming environments, including iron oxide copper-gold (IOCG), Mississippi Valley-type, orogenic (lode, greenstone) gold, massive sulfide, unconformity U, and manto-type deposits, as well as in non-ore associated granitoids and oceanic crust. Halite-bearing inclusions are ubiquitous in shallow silicic plutons such as those associated with porphyry copper deposits (Bodnar, 1995) and are considered to be characteristic along the halite liquidus and traverse the liquid + halite field after the vapor bubble disappears. PVTX data along the halite liquidus and in the liquid + halite field are only available for a composition of 40 wt % NaCl (Bodnar, 1994) . For other compositions, the pressure in the inclusion at homogenization and the inclusion composition cannot be estimated with a high degree of certainty from microthermometric data.
As noted above, inclusions that homogenize by halite disappearance are nearly ubiquitous in porphyry copper deposits, and also occur in many other deposit types. We have compiled a list of published reports in which halite-bearing inclusions that homogenize by halite disappearance are described. These data are available as a digital supplement to this paper at <http://www.geoscienceworld.org/> or, for members and subscribers, on the SEG website, <http:// www.seg web.org>. As a result of their common occurrence, much effort has been devoted to understanding the P-T formation conditions of these inclusions (Klevstov and Lemmlein, 1959; Lemmlein and Klevstov, 1961; Lyakhov, 1973; Roedder and Bodnar, 1980) . Klevtsov and Lemmlein (1959) and Lemmlein and Klevtsov (1961) assumed that the slope of the isochore in the two-phase (liquid + halite) field was the same as the slope in the one-phase (liquid) field. Based on this assumption, they estimated an internal pressure of 1100 bars (110 Mpa) for an inclusion with Th L-V = 310°C and Tmhalite = 400°C ( Fig. 2 ; inset). Lyakhov (1973) assumed a much steeper P-T path in the two-phase field, compared to the one-phase field, resulting in an inferred trapping pressure of 5,000 bars (500 Mpa) for an inclusion with this same homogenization behavior (Fig. 2; inset) . Roedder and Bodnar (1980) noted that these pressure determinations (particularly the value of 5,000 bars from Lyakhov, 1973) appeared to be inconsistent with geologic evidence for a shallow crustal origin for most porphyry copper mineralization. These workers introduced a third method to estimate the internal pressure using limited PVTX data that were available at the time. When applied to the same inclusion (ThL-V = 310°C and Tm halite = 400°C), Roedder and Bodnar (1980) estimated an internal pressure at homogenization of 650 bars (65 Mpa) ( Fig. 2; inset) .
The significance and interpretation of inclusions that homogenize by halite disappearance remains a topic of discussion within the fluid inclusion community (see http://www.geology.wisc.edu/flincs/fi/disc/salinity.html). The interpretation of this type of inclusion is especially relevant to understanding the genesis of ore deposits because the inclusions are a primary source of information concerning the pressure attending mineralization, and pressure is directly related to depth of formation. Thus, our ability to determine trapping conditions has implications for emplacement depths and genetic models for porphyry copper deposits and other oreforming systems. These uncertainties in turn affect exploration strategies in the search for new deposits. In this paper we present new experimental PVTX data for the system H 2 ONaCl. These data can be used to estimate trapping pressures for inclusions that homogenize by halite disappearance and have been applied to estimate trapping pressure of type C inclusions from several ore-forming systems. Figure 2 is a schematic P-T projection of the H 2 O-NaCl system for some salinity greater than about 26.4 wt percent NaCl, which represents the solubility of NaCl in H 2 O at room temperature . That is, any H 2 O-NaCl fluid inclusion with a salinity greater than the solubility of NaCl at room temperature is likely to contain a halite daughter mineral at room temperature. In practice, inclusions with salinities less than about 30 wt percent NaCl usually remain as metastable, supersaturated liquids and do not precipitate a halite crystal.
Trapping Conditions and Microthermometric Behavior of Halite-bearing Inclusions
Isochore B (Fig. 2 ) for this composition intersects the threephase (liquid + vapor + halite; L+V+H; Fig. 2 ) curve at the point at which the halite liquidus for this same composition intersects the three-phase curve. Inclusions trapped along this isochore will homogenize by the simultaneous disappearance of vapor and halite, as shown by inclusion B on Figure 1 . During heating from room temperature (B1; Fig. 2 ) a type B inclusion will follow the vapor-saturated halite solubility curve (L+V+H) to homogenization at point B2, where the halite crystal and vapor bubble disappear simultaneously (Fig 1; heating sequence B). If the inclusion is heated beyond the homogenization temperature, the P-T conditions within the inclusion will follow isochore B into the one-phase liquid field.
Inclusions trapped in field A (Fig. 2) will homogenize via mode A, whereby the halite crystal disappears first, followed by liquid-vapor homogenization at some higher temperature ( Column A shows an inclusion in which the halite daughter mineral dissolves first, followed by liquid-vapor homogenization. This mode of homogenization is referred to as mode A. Column B shows an inclusion in which the halite daughter mineral and the vapor bubble disappear at the same temperature. This mode of homogenization is referred to as mode B. Column C shows an inclusion in which liquid-vapor homogenization occurs first, followed by dissolution of the halite daughter mineral at some higher temperature. This mode of homogenization is referred to as mode C. Modified from Bodnar (1994) . curve corresponding to the bulk composition of the inclusion, will homogenize via mode A. During heating from room temperature (A1), a type A inclusion will follow the vapor-saturated halite solubility (three-phase curve; L+V+H) curve to point A2, at which point the halite crystal disappears. Point A2 is defined by the intersection of the halite liquidus with the L+V+H curve. With continued heating the inclusion will follow (approximately) the liquid-vapor curve until the bubble disappears at point A3. If the inclusion is heated beyond the homogenization temperature, the P-T conditions within the inclusion will follow isochore A into the one-phase liquid field.
Inclusions trapped in field C will homogenize via mode C, whereby the vapor bubble disappears before the halite crystal dissolves (heating sequence C in Fig. 1 ). Field C is bounded by isochore B and the halite liquidus (Fig. 2) . During heating from room temperature (C1 in Fig. 2) , a type C inclusion will follow the vapor-saturated halite solubility (L+V+H) curve to temperature C2 (Fig. 2) , at which point the vapor bubble disappears, leaving an inclusion containing liquid and halite. With continued heating the inclusion will follow an isochoric path through the two-phase (L+H) field to C3, where the halite crystal disappears. If the inclusion is heated beyond the homogenization temperature, the P-T conditions within the inclusion will follow isochore C into the one-phase liquid field.
PVTX data are available for high salinity H 2 O-NaCl fluids in the one-phase liquid field up to 70 wt percent NaCl, 900°C, and 500 MPa (Bodnar, 1985) . Thus, the P-T paths followed by inclusions that homogenize by modes A and B may be determined, and the trapping conditions can be estimated from microthermometric data. However, PVTX data for the two-phase liquid + halite field are not available, except for a composition of 40 wt percent NaCl (Bodnar, 1994) . Thus, the path followed by type C inclusions from the point at which the vapor bubble disappears (C2 in Fig. 2 ) to that at which the halite disappears (C3 in Fig. 2) , cannot be estimated from microthermometric data. The isochore through the two-phase field is shown as a dashed straight line on Figure 2 , because the exact P-T path through this field is not known. The starting point for the isochore on the three-phase L+V+H curve can be determined from existing PVTX data, and the end point on the liquidus can now be determined using results of this study.
Methods

Synthetic fluid inclusions
Synthetic fluid inclusions were prepared using established techniques (Sterner and Bodnar, 1984; Bodnar and Sterner, 1987) . Clean, inclusion-free, rectangular prisms of quartz 13 1) Lyakhov (1973) 2) Lemmlein and Klevtsov (1961) 3) Roedder and Bodnar (1980) FIG. 2. Schematic P-T phase diagram of the H2O-NaCl system for some composition >~26.4 wt % NaCl (saturation at room temperature). Phase boundaries include the three-phase liquid + vapor + halite (L+V+H) curve, the two-phase liquid + vapor (L→L+V) curve, and the halite liquidus (L→L+H) where halite is in equilibrium with an NaCl-saturated liquid.
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The inset in the upper left shows pressures estimated by three different studies for a halite-bearing inclusion with ThL-V = 310°C and Tmhalite = 400°C. See text for a discussion of the different heating paths and interpretation.
to 19 mm long were fracured and sealed in 2-mm platinum capsules with 100 µl of saturated H 2 O-NaCl solution (~26 wt %) and excess halite. Adding saturated solution and halite to the capsule ensured that the solution was halite saturated at room temperature and decreased the amount of time required for the aqueous solution to equilibrate with halite at experimental conditions. This ensured that the inclusions were trapped along a halite liquidus and would thus homogenize along the liquidus. A consequence of this approach is that the composition of the solution trapped is not known. Fortunately, the salinity of the inclusions can be calculated, as discussed below.
Each capsule was placed into a cold-seal hydrothermal autoclave and run at preselected P-T conditions of 50, 100, 200, and 300 MPa and temperatures ranging from 300°to 550°C. Experiments conducted at ≤400°C were run for 18 to 21 days, whereas those at >400°C were run for 10 to 14 days. One additional experiment was performed at 300°C and 50 MPa for 47 days. Longer runs were necessary at lower temperatures to allow the fractured quartz to heal and trap inclusions suitable for study. The accuracy of both pressure and temperature in the autoclaves is estimated to be ±1 percent relative to the total pressure or temperature (Sterner and Bodnar, 1991) . At the completion of the experiment, quartz prisms were removed from the capsules, placed into glass tubes containing Crystalbond™, sliced into disks, and polished. Depending on abundance and quality, up to 10 inclusions from each sample were selected for microthermometry and heated in a USGS gas-flow stage mounted on a Leitz microscope equipped with a 40x objective (N.A. = 0.55) with 15x oculars. The heating stage was calibrated at 374.1°C using pure H 2 O synthetic fluid inclusions that homogenize by critical behavior (Sterner and Bodnar, 1984) . Liquid-vapor homogenization (Th L-V ) and halite dissolution temperatures (Tm halite ) were determined to ±0.05°C by thermal cycling using temperature steps of 0.1°C, followed by cooling a few degrees to determine if halite had disappeared. The thermal cycling technique was necessary to accurately determine Tm halite because, as the halite decreased in size during heating, it was often not possible to recognize the final disappearance if the inclusion was heated continuously, especially in smaller inclusions. With the thermal cycling technique, the inclusion is heated until the halite is no longer recognizable. Then, the inclusion is cooled a few degrees. If the halite crystal had not completely dissolved, the halite will become visible at the same location where it was last observed in the inclusion and will grow in size as the inclusion cools. If the halite had completely dissolved, the inclusion will appear unchanged during cooling of several tens of degrees until eventually the halite will "pop" back, usually at a different position in the inclusion than that at which it was last observed during heating.
Natural inclusions
After the synthetic fluid inclusion study was completed and the relationship between Th L-V , Tm halite , and pressure was established, natural samples containing inclusions that homogenize by halite disappearance were studied for comparison with the experimental results. The samples studied included breccia-matrix quartz from the Questa porphyry-Mo deposit in New Mexico (Cline and Bodnar, 1994) , fluorite from the Naica, Mexico, chimney-manto limestone replacement base metal deposit (Erwood et al., 1979) , and a euhedral quartz crystal from the Bingham Canyon porphyry Cu-Mo deposit, Utah. Doubly polished fragments of quartz (Questa and Bingham Canyon) and fluorite (Naica) were prepared by mounting samples on 1-inch round glass disks and grinding the samples by hand until they were sufficiently thin that distinct fluid inclusion assemblages (FIAs) could be unambiguously identified. An FIA represents a group of petrographically associated inclusions that were all trapped at the same time and, presumably, at the same temperature and pressure and from a fluid of the same composition (Goldstein and Reynolds, 1994) . It is only possible to assess the validity of microthermometric data if the inclusions trapped a single, homogeneous phase, and if nothing has been added to or removed from the inclusion following trapping, and if the inclusion volume has remained constant ("Roedder's Rules") (Bodnar, 2003b, c) , and if the data are collected following the FIA methodology. Most natural samples contain many generations of FIAs that crosscut the crystals. Thus, when observing the sample under the microscope, any field of view may contain fluid inclusions from several different FIAs that were trapped at different times and at different temperatures and pressures and from different fluids in an evolving hydrothermal system. However, if the sample is thinned sufficiently such that the number of fluid inclusions in the field of view is reduced, it is often easier to identify individual FIAs (fractures or growth zones) and to confidently assign each inclusion to an FIA.
FIAs in samples from Questa, Bingham Canyon, and Naica identified as described above were analyzed in the heating-cooling stage as previously described. Th L-V and Tm halite were determined using the same thermal cycling technique described for the synthetic fluid inclusions, except that a 1ºC step was used rather than 0.1°C, resulting in a precision of ±0.5°C. A larger temperature step was used because variations in Tm halite for FIAs in natural samples are typically on the order of several degrees or more. Thus, heating steps of 0.1°C were unwarranted and a precision of ±0.5°C was sufficient.
Results
Relationship between pressure, Tm halite , and Th L-V
Microthermometric data obtained from synthetic fluid inclusions are summarized in Table 1 and Figure 3 . Vapor bubble disappearance temperatures (Th L-V ) and halite dissolution temperatures (Tm halite ) vary smoothly and systematically along the 50, 100, 200, and 300 MPa isobars (Fig. 3 ). An empirical least-squares regression model relating pressure to Th L-V and Tm halite has been developed to estimate pressure in the inclusion at homogenization, which also represents a minimum pressure of formation. 
i=0 j=0 where P is the pressure in MPa, Th is the liquid-vapor homogenization temperature in degrees Celsius, Tm is the halite dissolution temperature in degrees Celsius, and a i,j , b, and c are the fitting coefficients. Fitting coefficients for equation (1) are listed in Table 2 . The residual standard error for equation (1) Equation (1) was applied to the example fluid inclusion described above and shown graphically in Figure 2 . The equation predicts a minimum trapping pressure of 151 MPa for an inclusion with Th L-V = 310°C and Tmhalite = 400°C. This pressure is higher than the 110 MPa, estimated by the method of Lemmlein and Klevtsov (Klevstov and Lemmlein, 1959; Lemmlein and Klevstov, 1961) , and the 65 MPa estimated by Roedder and Bodnar (1980) , and significantly lower than the 500 MPa predicted by Lyakhov (1973) (Fig. 2) .
Synthetic inclusions in this study were trapped on a halite liquidus. This means that Tm halite equals the trapping temperature, and consequently the pressure inside the inclusion at Tmhalite equals the trapping pressure. Thus, as the inclusions were heated from room temperature to Tmhalite, pressures in the inclusions reached 50 to 300 MPa, depending upon the trapping pressure. The elevated pressures developed in the 543 0361-0128/98/000/000-00 $6.00 543 inclusions during heating to measure Th L-V and Tm halite did not significantly affect inclusions trapped at pressures of 50 to 200 MPa. However, most inclusions trapped at 300 MPa decrepitated before Tm halite was reached, owing to the high internal pressures (Bodnar, 2003c) . The problem of decrepitation before homogenization of inclusions that would homogenize by halite disappearance can be minimized or eliminated by heating the inclusions in the hydrothermal diamond anvil cell (Schmidt et al., 1998) , but this technique was not used in this study. Consequently, the experimental temperature was substituted for Tm halite for inclusions trapped at 300 MPa. As a result, the error in temperature along the 300 MPa isobar is greater than the error for the other isobars because the experimental temperature is considered to be accurate to about ±1 percent (Sterner and Bodnar, 1991) , corresponding to an uncertainty of ±5.5°C at 550°C. This greater uncertainty in temperature for the 300 MPa isobar data corresponds to an error in pressure of no more than a few tens of MPa for pressures between 200 and 300 MPa.
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Fluid inclusion compositions
All of the synthetic inclusions in this study trapped a liquid that was saturated in halite (i.e., the inclusions were trapped on the halite liquidus). Thus, the relationship between trapping pressure, Th L-V, and Tmhalite could be determined directly from experimental and microthermometric data, but, as noted above, the composition of the liquid that was trapped in the inclusions was not known.
Historically, NaCl solubility along the L+V+H curve ( Fig.  2 ) has been used to estimate salinities of halite-bearing inclusions that homogenize by any of the three modes A, B, and C. This method provides correct salinities for inclusions that homogenize by modes A and B (ignoring the insignificant effect of the vapor bubble in type A inclusions). However, type C inclusions homogenize along a liquidus, and data for NaCl solubility on the vapor-saturated solubility curve may not be valid for type C inclusions. If the solubility of NaCl were pressure independent, then the halite liquidi would be represented by vertical lines (dT/dP = 0) on a P-T diagram, and solubilities along the vapor-saturated solubility curve would be valid along the liquidi. The ice (I) liquidus in the pure H 2 O system has a slope of approximately -10.5°C/100 MPa, whereas the liquidus for pure NaCl has a slope of ≈22.6°C/100 MPa (Bodnar, 1994) . As NaCl is added to the system H 2 O, the slopes of the liquidi become increasingly less negative up to about 50 wt percent NaCl, where the slope is ≈0°C/100 MPa. The slopes of the liquidi continue to become more positive with increasing salinity above 50 wt percent and finally achieve a slope of 22.6°C/100 MPa for pure NaCl (Bodnar, 1994) . Thus, the halite liquidi are not vertical lines, but rather have slopes that change from negative to positive as the salinity increases (Fig. 6 ). Unless Tm halite and the pressure along the liquidus are known, the salinity cannot be determined from microthermometric data. The results of this study may be used to determine this pressure, and the composition of inclusions that homogenize by halite disappearance may be estimated as described below.
The minimum trapping pressure of type C inclusions may be estimated from measured Th L-V and Tm halite using equation (1). This calculated pressure and measured Tm halite define a point in P-T space on a halite liquidus (e.g., point C3 in Fig. 2 ). The slopes of the halite liquidi as a function of salinity have previously been estimated over the range 26 to 100 wt percent NaCl (Bodnar, 1994) . Additionally, NaCl solubility is known as a function of temperature and pressure along the three-phase curve (Sterner et al., 1988; Bodnar, 2003a) , and only one liquidus may pass through any P-Tm halite point. Thus, by incrementally varying salinity along the three-phase curve, calculating the slope of the liquidus for that salinity, and extrapolating that liquidus to the measured Tm halite , the pressure at Tm halite for that salinity may be estimated using the point-slope form of a linear equation. This pressure is compared with the pressure at Tm halite predicted by equation (1). If they differ, then the salinity chosen is not the salinity of the . P-T phase diagram for the H2O-NaCl system showing liquidi (labeled in wt% NaCl) for compositions between 26 and 100 wt %, and from the vapor-saturated halite solubility (L+V+H) curve to 200 MPa calculated from existing experimental data (Bodnar, 1994) . The inset on the left is a schematic representation of two liquidi, one that represents the liquidus that intersects the L+V+H curve at the temperature of halite disappearance for a type C inclusion, and the other corresponding to the actual liquidus for the inclusion. See text for details. (Modified from Bodnar, 1994) . inclusion, and the salinity is then decreased (or increased) incrementally until the pressures at Tm halite estimated by these two independent methods agree. The input salinity (along the three-phase curve) then represents the salinity of the inclusion. Using this method, the compositions of the synthetic fluid inclusions trapped along the liquidus in this study have been determined. A FORTRAN program that performs this iterative calculation is available from the authors.
Discussion
In many ore-forming environments, halite-bearing fluid inclusions displaying types A, B, and C homogenization behavior are common. And, all three inclusion types often occur in a single deposit, reflecting evolving P-T conditions during crystallization and cooling of the magmatic-hydrothermal system, or reequilibration of the inclusions following entrapment. For example, a high salinity fluid might follow an essentially isobaric path that starts in field A and crosses isochore B into field C during cooling (path 1→2→3, Fig. 2) . Inclusions trapped at points 1, 2, and 3 would homogenize via modes A, B, and C, respectively. Similarly, a decreasing pressure path at relatively constant temperature could also produce all three types of inclusions (path 4→2→5 in Fig. 2 ). An important difference in the two processes that generate these three different types of inclusions is that along the isobaric path the earliest inclusions would be type A, followed by types B and C, whereas along the isothermal path the earliest inclusions would be type C, followed by types B and A. Thus, careful petrographic examination of samples to determine the relative ages of the different modes of homogenization of halite-bearing fluid inclusions might provide valuable information concerning the P-T history of the deposit.
Expected trends in Th L-V versus Tm halite for natural inclusions
Most studies report the occurrence of types A, B, and C inclusions in the same deposit or in the same sample. As noted above, this is not unexpected as the P-T evolution path of a hydrothermal system may traverse all three fields shown on Figure 2 . Most workers present microthermometric data from halite-bearing inclusions as plots of Th L-V versus Tm halite , or Th L-V versus salinity. A simple inspection of these data does not permit one to determine whether the fluid inclusions were all trapped at the same time, whether they trapped a single, homogeneous phase, or that the inclusions have not gained or lost anything and have remained isochoric following trapping (Roedder's Rules: Bodnar, 2003b; Bodnar and Student, 2006 ). This information is necessary to validate the data because results for individual FIAs are usually not presented. As such, it is not possible to determine from visual inspection of the plots if individual FIAs exhibit consistent Tm halite , and Th L-V . However, it is possible to predict Th L-V -Tm halite trends that should be expected for different inclusion-trapping scenarios.
In some hydrothermal systems, the fluid may become saturated in halite during its evolution and precipitate halite crystals on a growing crystal surface (Fig. 7a) . The halite crystals thus "poison" the growing surface, causing the crystal to grow around the foreign halite crystal, and in the process some of the NaCl-saturated fluid may be trapped, along with the halite, to produce type C fluid inclusions. Some inclusions may trap only the liquid phase (inclusions 2, 4, 5, 7, and 9 in Fig. 7a ), while others may trap various proportions of liquid and halite (inclusions 1, 3, 6, and 8 in Fig. 7a) . As a result, there will be a wide range in Tmhalite for these inclusions, with the lowest Tm halite corresponding to inclusions that trapped only liquid and higher values for those inclusions that trapped a halite crystal along with the liquid (inclusions 1, 3, 6, and 8 in Fig. 7a) . However, the P-T paths followed by these inclusions through the halite + liquid field will all be essentially the same because the salinity (and density) of the liquid phase will be the same in all inclusions and the halite crystal can be considered to be incompressible (constant density) over temperature and pressure ranges of a few hundred degrees Celsius or a few hundred megapascals (Bodnar, 1994) . The net result is that Th L-V will be identical (or nearly so) for all of these inclusions, even though they have very different salinities and halite-to-liquid ratios at room temperature. Plots of Th L-V versus Tm halite for these inclusions will show a range in 4, 5, 7, and 9) show the correct combination of ThL-V and Tmhalite and will predict the correct pressure of trapping using equation (1) (filled circle). Inclusions that trapped halite along with liquid (inclusions 1, 3, 6, and 8) have Tmhalite that are too high and will predict a pressure of trapping that is higher than the actual pressure.
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Tm halite at constant Th L-V (Fig. 7b) . The inclusion with the largest halite/liquid ratio at trapping (inclusion 8 in Fig. 7a ) will have the highest Tm halite , and those inclusions that trapped only the halite-saturated liquid along the liquidus will have the lowest Tm halite (inclusions 2, 4, 5, 7, and 9 represented by filled circle in Fig. 7b ). Pressures estimated from inclusions that trapped only the liquid phase represent the correct trapping pressure, whereas pressures estimated from Th L-V and Tm halite for inclusions that trapped halite along with the liquid will be higher than the actual trapping pressure.
Inclusions that homogenize by halite dissolution may also be produced by necking. If necking occurs at a constant temperature and pressure and the original inclusion contains only a single fluid phase (inclusion 1 in Fig. 8a ), the densities of the resulting inclusions (inclusions 2, 3, in Fig. 8a ) will be the same as the original inclusion. The inclusions produced by necking (inclusions 2, 3, in Fig. 8a ) will have the same homogenization temperature and composition as the original inclusion and follow the same isochore that the original inclusion would have followed had necking not occurred (Fig. 8b) . However, the necking process could occur continuously during cooling as the P-T path crosses the halite + liquid field (i.e., at a temperature lower than that on the liquidus corresponding to the original salinity). In this case, some necked inclusions will contain liquid plus halite (inclusions 4, 6, in Fig. 8a ) and some will contain only liquid (inclusions 5, 7, in Fig. 8a) . These inclusions will have the same (correct) Th L-V but different Tm halite . The inclusions with only the liquid phase (inclusions 5, 7) will have Tm halite that is lower than that for the inclusions formed in the one-phase field. The inclusions with the halite crystal (inclusions 4, 6) will have Tm halite that is higher than that for the inclusions formed in the onephase field.
The trend in Tm halite and Th L-V for the inclusions that necked (Fig. 8b) is identical to that produced by trapping of halite crystals along with the liquid (Fig. 7b) . For those inclusions that trapped halite, the Tm halite and Th L-V that represents the trapping of only the liquid phase on the halite liquidus, and thus represents the real trapping conditions, is that with the lowest Tm halite . Conversely, the Tm halite and Th L-V that represent the actual trapping conditions in the case of necking depend on whether or not necking continued at temperatures lower than that along the liquidus corresponding to the original salinity. If necking did not continue below the original liquidus, then the inclusions that correspond to the original trapping conditions are those with the lowest Tm halite , similar to the case in which some inclusions trap halite. However, if necking continues below the original liquidus temperature, then the lowest Tm halite (i.e., inclusion 7 in Fig. 8b) does not correspond to the original trapping conditions. There is no mechanism that we are aware of that would allow us to know which of the many inclusions along this trend is the one that trapped only liquid at the original formation conditions. If halite solid inclusions are observed in the host mineral, one might conclude that the fluid was saturated in halite and that trapping of halite along with the liquid was responsible for the observed Tm halite and Th L-V trend. In the absence of such petrographic information, it is not possible to arrive at any meaningful interpretation of the microthermometric data.
Another type of reequilibration that commonly occurs is stretching, whereby the volume of an inclusion increases (decreasing density) without changing the bulk composition (Bodnar, 2003c) . Stretching of inclusions can occur in any mineral, but is particularly common in soft minerals (Bodnar and Bethke, 1984; Ulrich and Bodnar, 1988; Bodnar et al., 1989; Bodnar, 2003c) Inclusion 1 represents the original inclusion before necking, and the solid and dashed line extending to the L+V+H curve is the isochore corresponding to the original trapping conditions. If necking occurs in the one-phase liquid field, inclusions with the same density and composition as the original inclusion will be produced (inclusions 2 and 3). If necking occurs after the P-T path has reached the halite liquidus (A), some inclusions (inclusion 4) may include a halite crystal in addition to liquid. The inclusion that necks with only liquid (inclusion 5) will have a lower salinity than the original inclusion, whereas the inclusion that necks with halite (inclusion 4) will have a higher salinity than the original inclusion. If necking continues at temperatures below the original liquidus temperature (B), some necked inclusions will contain only liquid (inclusion 7), whereas others will include halite + liquid (inclusion 6). Necking in a closed system produces inclusions with the same ThL-V but with widely varying Tmhalite (right). Moreover, it is not possible to know which of the ThL-V-Tmhalite combinations represents the original trapping conditions as Tmhalite may be lower than, higher than, or equal to the Tmhalite corresponding to the original trapping conditions, depending on whether necking occurred in the one-phase or two-phase field and whether necking continued to temperatures below the original liquidus temperature.
(lower density) isochore than that of the original unstretched inclusion, resulting in a higher liquid-vapor homogenization temperature. Thus, a fluid inclusion trapped in the singlephase field (inclusion 1 in Fig. 9a ) that remains unstretched (isochoric) will follow the original isochore (Fig. 9a) to the liquid + vapor + halite (L+V+H) curve. During heating from room temperature the inclusion will homogenize at this same point of intersection. As a result of stretching, the inclusions move to progressively lower density isochores, and these isochores intersect the L+V+H curve at increasingly higher temperatures with greater amounts of stretching (inclusions 2-5 in Fig. 9a) . Thus, stretching results in a range of Th L-V . The effect of stretching on Tm halite depends on the slope of the halite liquidus for the inclusion salinity. Because halite liquidi slopes are generally very steep (Fig. 6) , Tm halite will not change significantly except as a result of unrealistically large increases in inclusion volume. Stretching thus produces a Th L-V -Tm halite trend with relatively uniform Tm halite but a range in Th L-V (Fig. 9b) . If inclusions in an FIA show a trend similar to that illustrated in Figure 9b (or any trend of varying liquid-vapor homogenization temperature but constant composition), one can reasonably assume that stretching has occurred. Stretched inclusions have higher Th L-V compared to unstretched inclusions. Thus, the inclusion with the lowest Th L-V (inclusion 1 in Fig. 9b ) most closely represents the original trapping conditions and provides the closest approximation of the minimum trapping pressure.
Under unusual circumstances, inclusions that homogenize by halite disappearance may be generated by reequilibration associated with mobilization and loss of H 2 O (Audetat and Guenther, 1999) . In some boiling assemblages, there is unambiguous petrographic evidence for vapor-rich inclusions coexisting with inclusions that homogenize by halite disappearance. Phase equilibria do not permit these two types of inclusions to be in equilibrium, as vapor-rich inclusions must be trapped on a vapor-saturation boundary and inclusions that homogenize by halite disappearance cannot be in equilibrium with a vapor phase (Roedder and Bodnar, 1980; Bodnar, 2003a; ) (Fig. 2 ). An inclusion assemblage consisting of halite-bearing inclusions that homogenize by halite disappearance and vapor-rich inclusions could be produced by (1) postentrapment volume reduction (density increase), (2) selective H 2 O loss (salinity increase), or (3) accidental trapping of halite crystals (Audetat and Guenther, 1999) . Scenarios 1 and 2 are possible during migration of inclusions within the quartz host after initial entrapment. Scenario 3 has already been discussed; however, it should be noted that trapping halite in a boiling system is only possible on the threephase (L+V+H) curve, and inclusions that homogenize via mode B (Th L-V = Tm halite ; Fig. 2 ) should be present in such an assemblage.
Application of Results to Synthetic and
Natural Fluid Inclusions Reequilibration processes described above likely explain much of the scatter observed in published Th L-V -Tm halite data for inclusions that homogenize by halite disappearance. However, it appears that in many cases the scatter in published Th L-V -Tm halite data arises because workers do not collect or report their results within the context of FIAs. This causes mixing of results from fluid inclusions trapped at different times and, presumably, at different P-T conditions and from fluids of different salinities. Below we present several examples from synthetic and natural fluid inclusions that document Th L-VTm halite relationships of inclusions from well-defined FIAs. Bodnar (1994) determined the location of the 40 wt percent halite liquidus experimentally using synthetic fluid inclusions and reported Th L-V , Tm halite and pressure along the liquidus. These data provide a basis for comparison with results of this study. A plot of the difference between the experimental liquidus pressure and the pressure predicted by equation (1) as a function of the experimental liquidus pressure shows good agreement up to approximately 250 MPa (Fig. 10) . However, at higher pressures the difference increases (Fig. 10) . This increasing difference with increasing pressure above approximately 250 MPa has two possible explanations. Firstly, equation (1) is only valid to 300 MPa and the high pressure data for the 40 wt percent liquidus are outside of this range. This explanation is considered to be less likely because Th L-V versus Tm halite for 40 wt percent inclusions from the study of Bodnar (1994) that have a liquidus pressure near 300 MPa appear to be consistent with extrapolation of the 300 MPa isobar from this study to lower values of Tm halite .
Synthetic fluid inclusions containing 40 wt percent NaCl
SYNTHETIC FLUID INCLUSIONS. XVII. PVTX PROPERTIES OF HIGH SALINITY
A second possibility is that, during laboratory heating, stretching becomes significant above 250 MPa. Bodnar and coworkers (Bodnar et al., 1989) have shown that all inclusions larger than about 5 µm in quartz will stretch or decrepitate at pressures ≥250 MPa. In this case the density in the inclusions continuously decreases as the inclusion stretches during heating, placing the heating path on progressively lower density isochores. As a result, the inclusion P-T path intersects the liquidus at a lower pressure than it would have if the inclusion followed an isochoric path (i.e., did not stretch during heating). Bodnar (1994) assumed an isochoric path during heating to homogenization. Because the slope of the 40 wt percent liquidus is very steep (-5.5°C/100 MPa: Bodnar, 1994 ), stretching will not significantly affect Tm halite ; i.e., the temperature of intersection of the heating path with the liquidus does not vary significantly with pressure. Assuming that stretching did occur, pressures reported by Bodnar (1994) represent a maximum pressure at halite dissolution because an isochoric path was assumed. We believe that this second explanation for the increasing difference between the highest-pressure results of Bodnar (1994) and those from this study is the most likely, and this interpretation is supported by work of Schmidt et al. (1998) .
Natural fluid inclusions from the Ditrau Alkaline Massif, Transylvania, Romania
The Ditrau Alkaline Massif, Transylvania, Romania, contains several different types of fluid inclusions, including three-phase (liquid + vapor + halite) inclusions that homogenize by halite disappearance (Fall et al., 2007) . The halitebearing inclusions in nepheline are oriented parallel to the cleavage direction of nepheline and define FIAs that are interpreted to have been trapped after formation of the host nepheline. The observed decreasing salinity trend with time in the Ditrau Alkaline Massif indicates crystallization pressures ≥200 MPa (Cline and Bodnar, 1991) . This is consistent with extrapolation of isochores for moderate salinity inclusions to the H 2 O-saturated solvus in the nepheline-H 2 O system, which indicate pressures in excess of 250 MPa, with a maximum pressure of about 500 MPa (Fall et al., 2007) .
The homogenization behavior of halite-bearing inclusions in nepheline from the Ditrau Alkaline Massif is consistent within an individual FIA, and vapor-rich inclusions are absent, suggesting entrapment in field C (Fig. 2) . Microthermometric data (Th L-V versus Tm halite ) for the FIAs cluster tightly near the low-temperature end of the 50 MPa isobar (Fig. 11a) . Combining these microthermometric data with pressures reported above, based on the nepheline-H 2 O system, suggests that the inclusions were trapped in the singlephase field (e.g., along an isochore in field C of Fig. 2) at about 400°to 600°C. This temperature range is consistent with temperature estimates based on the position of the H 2 Osaturated solidus and with extrapolation of isochores for later, lower salinity inclusions in nepheline and cancrinite that were interpreted to have formed at the same pressure as the halitebearing inclusions, but at slightly lower temperature.
Natural fluid inclusions from the Musoshi stratiform copper deposit, Zaire
Fluid inclusions in footwall quartz-hematite veins at the Musoshi stratiform copper deposit in Zaire contain halite daughter minerals and most homogenize by halite disappearance (Richards et al., 1988) . Richards and coworkers also reported the occurrence of isolated halite cubes in the quartz and interpreted this to indicate that the halite-bearing inclusions were trapped on the halite liquidus; thus, Tm halite equals the trapping temperature. Interpretation of microthermometric data for these inclusions using the H 2 O-NaCl system must be viewed with caution because sylvite daughter minerals occur in about 5 percent of the inclusions, and energy dispersive electron microprobe analysis of inclusion decrepitate residues showed the presence of Fe, K, Ca, and Mn chlorides. Moreover, some inclusions contain small amounts of CO 2 , as evidenced by melting at -56.6°C and the rare occurrence of a separate CO 2 phase at room temperature.
Within individual samples, homogenization temperatures are very consistent, varying by no more than about ±1°to ±13°C, and define three distinct regions in Th L-V versus Tm halite space (Fig. 11b) . Five samples, which Richards et al. (1988) classified as "high temperature" samples, form a tight cluster between 50 and 100 MPa, and were collected from 7 to 30 m below the ore shale. Two samples, which Richards et al. (1988) classified as "low temperature" samples, plot outside the Th L-V -Tm halite range of our experimental data. However, extrapolation of the 100 and 200 MPa isobars to lower Th L-V and Tm halite indicates minimum trapping pressures of approximately 150 MPa. As noted above, halite crystals in quartz are associated with both the low-and high-temperature groups, suggesting that the fluid was halite saturated when the halite-bearing inclusions were trapped. In this case, Tm halite represents the trapping temperature, assuming the fluid inclusions did not trap a halite crystal along with the liquid, and pressures shown on Figure 11b represent the trapping pressures (i.e., no pressure corrections are needed). This Series of ThL-V versus Tmhalite plots for natural inclusions described in this study. Each plot displays the 50, 100, 200, and 300 MPa isobars as determined using synthetic fluid inclusions in this study. The heavy diagonal line is the projection of the vapor-saturated halite solubility curve in ThL-V versus Tmhalite space (ThL-V = Tmhalite). (a) Average ThL-V versus Tmhalite for FIAs from the Ditrau alkaline massif (Fall et al., 2007) . (b) Average ThL-V versus Tmhalite for inclusions hosted in quartz from the Musoshi, Zaire, stratiform copper deposit (Richards et al., 1988) . (c) Average ThL-V versus Tmhalite for inclusions hosted in quartz, calcite, and fluorite from the Bismark skarn deposit, Mexico (Baker and Lang, 2003) . interpretation is consistent with maximum pressures of 120 MPa estimated by Richards et al. (1988) based on the observation that fluid inclusions did not decrepitate during heating to Tm halite . Richards et al. (1988) based this pressure on decrepitation data for fluid inclusions in quartz that were available at the time (Leroy, 1979) . More recent data indicate that the decrepitation pressure depends on the inclusion size, and ranges from about 50 MPa for a 100-µm inclusion, to about 350 MPa for a 1-µm inclusion (Bodnar, 2003c; Bodnar et al., 1989) .
Inclusions in sample [13]-300W-0, which comes from the "deep footwall vein" 300 m below the ore shale, plot considerably outside the range of our experimental data (Fig. 11b) . Extrapolation of the 300 MPa isobar to lower temperatures suggests a minimum trapping pressure in excess of 300 MPa for these inclusions. This pressure appears to be unreasonably high for sediment-hosted ore deposits. However, Richards et al. (1988) suggested that fluids associated with the deep footwall vein may have been sourced from deeply buried sediments during compressional deformation and metamorphism. Microthermometric data for this sample are remarkably consistent with 40 inclusions having Th L-V between 110°a nd 125°C and Tm halite between 285°and 300°C. Whereas the inferred pressures appear to be too high for the geologic environment, the consistency of microthermometric data rules out reequilibration or mixed trapping, as these processes usually result in a wide range in homogenization temperatures (Bodnar, 2003c; Vityk and Bodnar, 1995, 1998) .
Natural fluid inclusions from the Bismark skarn deposit, Mexico
The Bismark skarn deposit in northern Mexico hosts massive sulfide ore in direct contact with a quartz monzonite stock (Baker and Lang, 2003) . Quartz, calcite, and fluorite contain halite-bearing inclusions, and Baker and Lang (2003) distinguished between type 3A inclusions containing liquid, vapor, and halite, and type 3B inclusions containing liquid, vapor, halite, and sylvite. Both inclusion types also commonly contain various opaque and other unidentified phases, and both types show all three modes of homogenization (Th L-V > Tm halite , Th L-V = Tm halite , and Th L-V < Tm halite ). Microthermometric data (Th L-V versus Tm halite ) for individual inclusions define three distinct groups and show the best consistency when sorted according to host mineral (Fig. 11c) . Baker and Lang (2003) estimated minimum trapping pressures of ≈60 MPa for type 3A inclusions in early fluorite that homogenize by halite disappearance, and pressures of 80 and 95 MPa for secondary inclusions. We note that they estimated the minimum trapping pressure for inclusions that homogenize by halite disappearance assuming that the slope of the isochore in the halite + liquid field is the same as the slope of the isochore in the single-phase field. The average slope of isochores in the halite + liquid field is actually slightly steeper than in the one-phase liquid field (Bodnar, 1994) ; thus, pressures estimated by Baker and Lang (2003) are less than the actual pressures.
Minimum trapping pressures estimated from our experimental data generally do not exceed 100 MPa, which agrees with Baker and Lang's (2003) interpretation based on isochores for type 3a inclusions. Fluid inclusions hosted in calcite plot outside the range of our experimental data, but extrapolation of our isobars to lower temperatures indicates entrapment pressures of ~100 MPa for a cluster of points including calcite type 3b immediately to the lower left of the 100 MPa isobar (Fig. 11c) . Data for other inclusions in calcite are consistent with trapping between 100 and 200 MPa.
Natural fluid inclusions from the Naica chimney-manto deposit, Mexico
The Naica deposit in Chihuahua, Mexico, is a chimneymanto, limestone replacement base metal deposit. Polyphase fluid inclusions ≤100 µm in fluorite contain liquid, vapor, and halite, or liquid, vapor, halite, and sylvite, and homogenize by halite disappearance (Erwood et al., 1979) . Both types may also contain a small, unidentified non-opaque phase (possibly a carbonate). Microthermometric analysis was facilitated by the large size of the inclusions (up to 100 µm) and excellent optical qualities of the fluorite. All observed inclusions were secondary, occurring as well-defined trails along healed fractures.
In the present study, microthermometric data were obtained from three FIAs represented by trails of secondary inclusions and are reported in Table 3 . Microthermometric data (Th L-V versus Tm halite ) for individual FIAs define a trend of relatively constant Tm halite but variable Th L-V (Fig. 11d) . This trend suggests that the inclusions reequilibrated by post-entrapment stretching (compare to Fig. 9b) . Stretching is the likely cause of the variable Th L-V because it is well known that inclusions in soft minerals such as fluorite stretch at relatively low internal pressures (Bodnar and Bethke, 1984; Bodnar, 2003c) . Based on measured Tm halite and Th L-V , we estimate that the internal pressure in the inclusions would have been as high as 200 MPa under isochoric conditions. Thus, it is not surprising that significant stretching of the host fluorite occurred. It is not possible to determine if the stretching occurred in nature or during heating in the lab.
As noted previously, stretching decreases the density of the fluid inclusions and causes the P-T path followed during heating to intersect the halite liquidus at a lower pressure than it would have, had stretching not occurred (Fig. 9a) . However, the estimated minimum trapping pressures of reequilibrated inclusions are difficult to reconcile based on the geology of the Naica deposits. Stretching of inclusions increases Th L-V without significantly affecting Tm halite ; thus, the lowest Th L-V measured should most closely approximate the Th L-V that would have been observed had stretching not occurred (e.g., inclusion 1 in Fig. 9b) . Erwood et al. (1979) approximated isochores in the liquid + halite field to determine pressures of inclusions that homogenize by halite disappearance and obtained pressures ranging from 30 to 160 MPa (liquid + vapor + halite inclusions) to 50 to 270 MPa (liquid + vapor + halite + sylvite inclusions). In addition to inclusions that homogenize by halite disappearance, coexisting liquid-rich and vaporrich inclusions that are indicative of boiling in the Naica deposit suggest trapping pressures of 4 to 14 MPa. Depths of formation estimated from the boiling assemblages range from 400 to 1,700 m, and these depths are consistent with depths based on the local geology. But, one should not expect pressures up to 270 MPa at such shallow depths. To explain these high pressures, Erwood et al. (1979) suggested that the system could have periodically become overpressured. While overpressured hydrothermal systems do occur, they usually form at greater depth, and overpressures of more than a few tens of MPa are unlikely (Burnham, 1997) .
Populations of inclusions with consistent homogenization behavior that predict unreasonably high pressures are a conundrum, yet they are relatively common (e.g., the deep footwall vein samples from the Musoshi stratiform copper deposit described above). Erwood et al. (1979) attributed inclusions that homogenize by halite disappearance to phase separation involving liquid and halite along the liquidus prior to entrapment, resulting in the "halite trend" . This interpretation should result in accidental entrapment of halite crystals to produce a trend similar to that shown in Figure 7b . This condition might be expected to result in halite crystals being trapped in the host phase, as was observed at Musoshi (Richards et al., 1988) . Erwood et al. (1979) report small halite xenocrysts in some fluorites. In the present study, we did not observe halite crystals in the fluorite, but only a single sample was examined.
Natural fluid inclusions from the Questa porphyry molybdenum deposit, New Mexico
Inclusions that homogenize by halite disappearance have been reported from the Questa, New Mexico, porphyry molybdenum deposit (Cline and Bodnar, 1994) . These inclusions appear to have trapped a high salinity fluid that exsolved directly from the magma, unlike most high salinity fluids in porphyry-type deposits that originate by fluid phase immiscibility Bodnar, 1995; Roedder and Bodnar, 1997) . Although the data show some scatter, Cline and Bodnar (1994) reported a grouping of Th L-V ≈ 320°C and Tm halite ≈ 380°C that is characteristic. The lack of coexisting vapor-rich inclusions indicates that the high salinities were not the result of immiscibility, but rather represent the direct exsolution of brine from a crystallizing magma. Isochores bounding the region near Th L-V ≈ 320°C and Tm halite ≈ 380°C define a range of possible trapping pressures from approximately 75 to 150 MPa. Equation (1) predicts a minimum trapping pressure of approximately 97 MPa for an inclusion with Th L-V ≈ 320°C and Tm halite ≈ 380°C.
In this study we examined a single FIA hosted in a 2-cm euhedral quartz crystal in a vug from Questa. The fluid inclusions were primary, with equant shapes, and oriented parallel to the c-axis. These polyphase inclusions were approximately 10 to 20 µm in maximum dimension, and contained liquid, vapor, halite, chalcopyrite, and a small non-opaque phase. All homogenized by halite disappearance. Microthermometric data reported in Table 4 show relatively consistent Th L-V of approximately 330°C, with the exception of one inclusion with Th L-V = 351°C. It is possible that this one inclusion reequilibrated (by stretching) to some extent, although a 20ºC variation is not unreasonable in an FIA from a natural sample and could reflect slight pressure and/or temperature fluctuations during growth of the quartz. Three inclusions had Tm halite = 390°C and two others had halite melting temperatures of 406°and 450°C, respectively. Because Th L-V for these two inclusions is consistent with others from this same FIA, the inclusions likely trapped small halite crystals that had precipitated on the surface of the quartz crystal as the inclusions were being trapped. The Th L-V versus Tm halite trend (Fig. 11e) is consistent with accidental trapping of halite (Fig. 7) . The trend could also be explained by necking (Fig. 8) . However, necking during cooling is likely to result in significantly different Tm halite for every inclusion in the FIA; here, three of the inclusions have similar Tm halite , making this explanation less likely. If the interpretation that the trend shown on Figure 11e is a result of trapping halite + liquid in some inclusions is correct, the presence of halite crystals in equilibrium with fluid at the time of entrapment indicates that the FIA was trapped at halite saturation. The trapping temperature of this FIA is equivalent to Tm halite for inclusions that trapped only liquid. These inclusions were trapped at ~390°C, and equation (1) indicates a trapping pressure of approximately 96 MPa. Pressures reported by Cline and Bodnar (1994) and those estimated from measurements in the present study are in good agreement and indicate that the pressure during Mo mineralization at Questa was approximately 100 MPa.
Natural fluid inclusions from the Bingham Canyon porphyry Cu-Mo deposit, Utah
A fluid inclusion assemblage consisting of halite-and sylvite-bearing fluid inclusions from the Bingham Canyon porphyry Cu-Mo deposit, Utah, provides an unambiguous example of inclusions that have been affected by stretching following entrapment. The FIA represents a trail of secondary inclusions in a euhedral quartz crystal that has previously been referred to as quartz type Q1 (Landtwing et al., 2005) . 551 0361-0128/98/000/000-00 $6.00 551 All of the inclusions in the FIA show consistent Tm halite of 367°± 1°C and Tm sylvite of 109°± 1°C (n = 11) ( Table 4 ). The remarkable consistency of the salt melting temperatures provides strong evidence that the inclusions all trapped a fluid of the same composition. However, the inclusions show a wide range in Th L-V from 305.6°to 380.1°C (Figs. 11f, 12) . Thus, some of the inclusions show Tm halite <Th L-V , and some show Tm halite >Th L-V . Similar behavior is observed with halite-bearing inclusions in many magmatic-hydrothermal ore deposits (Bodnar and Beane, 1980) , but the cause of the variation in Th L-V could not be determined because the contemporaneity of the inclusions was questionable. It is likely that in many similar cases, the variation in Th L-V is also the result of stretching, indicating that the lowest measured Th L-V most closely approximates the true (before stretching) Th L-V .
SYNTHETIC FLUID INCLUSIONS. XVII. PVTX PROPERTIES OF HIGH SALINITY
Assuming that the lowest measured Th L-V most closely approximates the actual trapping conditions, and combining this with the measured Tm halite indicates a pressure of trapping of about 100 MPa according to equation (1). This pressure is in agreement with the maximum pressure of 1,130 atmospheres estimated by Roedder (Roedder, 1971) , but significantly higher than Roedder's minimum pressure (80 atmospheres) and the pressure of 14 to 21 MPa estimated by Landtwing et al. (2005) .
Summary
Halite-bearing fluid inclusions that homogenize by halite disappearance are common in many geologic environments and are especially common in porphyry copper deposits and other magmatic-hydrothermal ore deposits. Owing to a lack of PVTX data, previous workers have estimated trapping pressures for this type of inclusion using a variety of methods, often resulting in widely varying pressure estimates for inclusions showing similar microthermometric behavior. In this experimental study, the synthetic fluid inclusion technique was used to obtain PVTX data that may be used to interpret microthermometric data from inclusions that homogenize by halite disappearance over the range Th L-V ≈ 150°to 500°C and Tm halite ≈ 275°to 550°C. An empirical equation describing the relationship between pressure, Th L-V , and Tm halite has been developed to estimate formation pressures from microthermometric data.
Most published data for fluid inclusions that homogenize by halite disappearance cannot be evaluated and compared with results of the present study for various reasons. Only a very few studies have been performed following the protocol described by Goldstein and Reynolds (1994) that requires the study of fluid inclusion assemblages and tests the data for conformity with Roedder's Rules (Bodnar, 2003b) . Thus, most studies group data from many different generations of inclusions, and sometimes from different samples, making it impossible to identify data from individual inclusions. Similarly, a common means of presenting the data is on plots of Th L-V versus Tm halite (or salinity) rather than in tables, again making it difficult to associate a particular data point with a specific trapping event. Because both Th L-V and Tm halite are easily modified by trapping of halite along with the liquid, and by stretching or necking, we propose that the experimental data reported in this study should not be used to interpret fluid inclusions that homogenize by halite disappearance unless inclusions can be unambiguously shown to belong to an FIA with consistent microthermometry. The only exceptions to this would be if all inclusions within a sample have consistent microthermometric values (even though they cannot be proven to represent an FIA) or if halite crystals are observed in the host phase (indicating trapping of halite along with liquid) or if inclusions in an FIA show consistent Tm halite but widely varying Th L-V (suggesting that stretching has occurred).
Some workers have studied fluid inclusions that homogenize by halite disappearance following the methodology of Goldstein and Reynolds (1994) individual FIAs in tables, making it possible to evaluate the results using data obtained in this study. Formation pressures have been estimated for several occurrences using these published microthermometric data and there is general agreement between our results and pressures estimated previously based on some assumptions concerning P-T paths of isochores in the liquid + halite field, as well as on geologic information. In some cases, the estimated pressures appear to be unreasonably high, based on the inferred geology and depth of burial at the time the inclusions were trapped. These studies emphasize the fact that pressure-or depth of formation-remains one of the major unknowns in ore genesis research (Skinner, 1997) .
